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On behalf of the Regullitee aud pun;uant to Unit II B.l .b. and Unit II C of the 
6/28/91 CAP Agreement, E.J. DuPont de Nemours and Co. hereby submits (in tripliCIIte) the 
attached studies. Submission of this information is voluntary and is occasioned by unilateral 
changes in EPA's standard as to what EPA now considers as reportable infol"mation. 
Regulatee 's submission of information is made solely in response to the new EPA §8(e) 
reporting standards and is not an admission: (I) of TSCA violation or liability; (2) that 
Regulatee ' s activities with the study compounds reasonably support a conclusion of substantial 
health or environmental risk or (3) that the studies themselves reasonably support a conclusion 
of substantial health or environmental risk. 

The "Reporting Guide" creates new TSCA 8(e) reporting criteria which were not 
previously announced by EPA in its 1978 Statement of Intemretation !IDd Enforcement Policy, 
43 Fed Reg IIllO (March 16, 1978). The "Reporting Guide states criteria which expands 
upon and conflict.o; with the 1978 Statement of lntc!])retation. AbsP.nt amendment of the 
Sll!tement of lnterprellllim, the informal issuance of the "Reporting Guide" raises significant 
du rocesses issues and clouds the appropriate reporting standard by which regulated persons 
can assure TSCA Section 8(e) comrliance. 
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ATTACHMENT 1 

Submission of information is made under the 6/28/91 CAP Agreement, 
Unit II. This submission is made voluntarily and is occasioned by recent 
changes in EPA 1S TSCA §8(e) reporting standard; such changes made, for 
the first time in 1991 and 1992 without prior notice and in violation of 
Regula tee Is constitutional du~ process rights. Regulatee 1 s submission of 
information under this changed standard is not a waiver of its due process 
rights; an admission of TSCA violation or liability, or em admission that 
Regulatee's activities with the study compounds reasonably support a 
conclusion of substantial risk to health or to the environment. Regulatee has 
historically relied in good faith upon the 1978 Statement of Interpretation and 
Enforcement Policy criteria for determining whether study ir. ':;rmation is 
reportable under TSCA §8(e), 43 Fed Re~ 11110 (March 16, 1978). EPA 
has not, to date, amended this Statement of Interpretation. 

After CAP registration, EPA provided the Regulatee the 
June 1, 1991 "TSCA Section 8( e) Reporting Guidt-". This "Guide" has been 

further amended by EPA, EPA letter, April 10, 1992. EPA has not indicated 
that the "Reporting Guide" or the April 1992 amendment supersedes the 
1978 Statement of Interpretation. The "Reporting Guide" and April 1992 
amendment substantively lowers the Statement of Interpretation 1

S TSCA 
§8( e) reporting standard2• This is particularly troublesome as the "Reporting 
Guioe" states criteria, applied retroactively, which expands upon and 
conflicts with the Statement of Interpretation. 3 Absent amendment of the 
~ment of Interpretation. the informal issuance of the "Reporting Guide" 
and the April 1992 a1nendment clouds the appropriate standard by which 
regulated persons must assess infomtatio.t for purposes of TSCA §8(e). 

2[n shar1, contrast to the Agency's 1977 and 1978 actions to soliciting public comment on the proposed 
and final ~8(e) Policy, EPA has unilaterally pronounced §S(e) substantive reporting criteria in the 1991 
Section 8(e) Guide without public notice and comment, See 42 fed ReK 45362 (9/9177), "Notification of 
Substantial Risk under Section 8(e): Proposed Guidance· . 
3 A comparison of the I 978 Statement of lntel]!re!.tltion and the 1992 "Reporting Guide" is a appended . 
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Throughout the CAP, EPA has mischaracterized the 1991 guidance ac; 

reflecting "lc.Jgstanding" EPA policy concerning the ~tandards by which 
toxicity information should be reviewed for purpo~s of §S(e) compliance. 
Regulatee recognizes that experience with the 1978 Statement of 
lnteJl)retation may cause a review of its criteri. Regul; tee supports and bas 
no objection to the Agency's :unending reporting criteria provided that such 
amendment is not eipplied to the regulated community in an unfair way. 
However, with the unilateral announcement of the CAP under the auspices of 
an OCM enforcement proceeding, EPA has wrought a terrific unfairness 
since much of the criteria EPA has espoused i.n the June 1991 Reportin& 
~and in the Agency's April 2, 1992 amendment is new cri!.eria which 
does not.exist in the 1978 Statement of lnteJl)retation and Enforcement 
fQlicy_. 

T.1e following examples of new criteria contained in the "Reporting 
Guide" tbl\t is not contained in the Statement of lnter:prt:tation follow: 

o even though EPA expressly disclaims each "suatus report" as being preliminary 
evaluations that should J1Qt be regarded as final EPA policy or inteor4, the "Reporting 
Guide" give3 the "status reports" great weight as "sound and adequate basis" from 
which to determine mandatory reporting obligations. ("Guide" at page 20) . 

o the "Reporting Guide" contains a matrix that establishes new numerical reporting 
"cutoff" concentrations for acute lethality information ("Guide" at p. 31 ). Neither 
this matrix nor the cutoff values therein are coniained in the Statement of 
Intewretation. The regulAted community was not made aware of these cutoff values 
prior to issuance of the "Reporting Guide" in June, 1991. 

othe • Reporting Guide" states new specific definitional criteria with which the Agency, 
for the firs\ time, defmes as 'distinguishable n"urotoxicological effects '; such 
criteria/guidance not expressed in the 1978 Statement of 1ntewretation.5; 

othe "Reportine; Uuide" provides new review/ reportin.g criteria for irritation and 
sensitW.tion studies; such criteria nol previously found in the 1978 Slltt~..Q[ 
Intewretation/Enforcement Policy . 

othe "Reporting Guide" publicizes Cel'1ain EPA Q/A criteria issued to the Monsanto 
Co. in 1989 which are not in the S1akmgU of lnte!p~; have never been 
published in the~ or distributed by the EPA to the Regulatee . Such 
Q/A establishes new reporting criteria not previously found in the 1978 Statement of 
Intewretation/En{orcem\.."111 Policy . 

4-fhe 'status reports' address the significance, if any, of particular information reported to the A1ency, 
rather than stating EPA 'a interpretation of §8(e) reporting criteria. In the infrequent insbiPces itt which tht'! 
status reports coniain discussion of reportability, the malysis is invariably quite limited, without 
substantial supporting scientific or legal rationale. 
5 See, e.g, 10/2/91 leUer from DuPont to EPA regardin1 the defmition of 'aerious and prolon1ed 
effects' as this term may rehte to transient anesthetic effects observed at lethal levels; J0/1/91 letter from 
the Amer1can Petroleum Institute to EPA regarding clarification of the Rsmortin& Guide criteria. 
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In discharging its responsibilities, an administrative agency must g1ve 
the regulated community fair and adequate warning to as 
what constitutes noncompliance for which penalties may be assessed. 

Among tbe myrit.d applications of tbr due process clause is tbe fundamental principle 
tbat statutes and regulations which purport to govern conduct must giv-;: an adequate 
WlU'DiTig cf what tbey COIDJIWid or forbid ... . Even a regulation which governs 
pure!~ · oooomic or commercial activities, if its violation can corender penalties, 
must .;e so framed as to provide a coostitutionally adequate warning to tbose whose 
activities a.re governed. 

Diebold. Inc. y. Marshall, 585 F.2d 1327, 1335-36 (D.C. Cir. 1978). See 
also, Rollins Environemntal Services (NJ) Inc. y, U.S. Environmental 
Protection Aaency, 937 F. 2d 649 (D.C. Cir. 1991). 

While neither the are :--.•les, Thi . • 1.:inciple has been applied to hold 
that agency 'clarification', such as the Statement of Interpretation, the 
"Reporting Guide" nor the April 1992 amendments will not applied 
retroactively . 

.. . a federal court will not retroactively apply an unforeseeable interpretation of an 
administrative regulation to the detriment of a regula!Jxl party on the theory that the 
post hoc interpretation asserted by the Agency is generally consistent with the 
policies underlying the Agency's regulatory program, when the semantic meaning of 
the regulations, as previously drafted and COIIStrued by the appropriate agency, does 
not support the interpretation which that agency urges upon the court . 

Standard Oil Co. v. Federal Eneray Administration, 453 F. Supp. 203, 240 
(N.D. Ohio 1978), aff_d mb ll.QID. Standard Oil Co. v. Depanmenl.Qf 
Eneray , 596 F.2d 1029 (Em. App. 1978): 

The 1978 Statement of Interpretation doe!> not provide adequate notice 
of, and indf'..ed conflicts witt., the Agency's current position at §3(e) requires 
reporting of all 'positive' toxicological findings without 
regard to an assessment of their relevance to human health. In accordance 
with the statute, EPA's 1978 Statement of Interpretation requires the 
regulated community to use scientific judgment to evaluate the significance of 
toxicological findings and to determining whether they reasonably S..lpport a 
conclusion of a substantial risk. Part V of the Statement of Interpretation 
urges persons to consider "the fact or probability" of an effect's occurrence. 
Similarly, the 1978 Statement of Interpretation stresses that an animal study 
is reportable only when "it contains reliable evidence ascribing the effect to 
the chemical." 43 Fed Rea. at 11112. Moreover, EPA's ~J2f 
Interpretation defines the substantiality of risk as a function of both the 
seriousness of the effect and the probability of its occurrence. 43 Fed Rea 
11110 (1978) . Earlier Agency interpretation also emphasized the 
"substantial" nature of a §8(e) determination. See 42 Fed Rea 45362, 45363 
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(1977). [Section 8(e) findings require "extraordinary exposure to a chemical 
substance ... which critically imperil human health or tl,e environment"]. 

The recently issued "Reporting Guide" and April 1992 Amendment 
guidance requires reporting beyoncf and inconsist.ent 
with that required by the Statemen4 of Interpretation. Given the statute and 
the Statement of Interpretation's explicit focus on substantial human or 
environmenta1 risk, whether a substance poses a "substantial risk" of injury 
requires the application of scientific j:.~dgment to the available data on a case
by-case basis. 

'II' 
If an overall weight-of-evidence analysis indicates that this 

classification is unwarranted, reporting should be unnecessary under §8(e) 
because the available data will not "reasonably support the conclusion" that 
the chemic"tl p.resents a substantial risk of serious adverse consequences to 
human health. 

Neither the legislative history of §8(e) nor the plain meaning of the 
statute support EPA's recent lowering of the reporting threshold that TSCA 
§8(e) was intended to be a sweeping information gathering mechanism. In 
introducing the new version of the toxic substances legislation, 
Representative Eckhart included for the record discussion of the specific 
changes from the version of H. R. 10318 reported by the Consumer 
Protection and Finance Subcommittee in Decemt>c::r 1975. One of these 
changes was to modify the standard for reporting under §8(e). The standard 
in the House version was changed from "causes or contributes to an 
unreasonable risk" to "causes or significantly contributes to a substantial 
risk" . This particular change was one of several made in TSCA §8 to avoid 
placing an undue burden on the regulated community . The final changes to 
focus the scope of Section 8( e) were made in the version report~.d by the 
Conference Committee. 

The word "substantial" means "considerable in importance, value, 
degree, amount or extent". Therefore, as generally understood, a 
"substantial risk" is one which will affect a considerable number of people or 
portion of the environment, will cause serious injury and is based on 
reasonably sound scientific analysis or data. Support for the interpretation 
can be found in a similar provision in the Consumer Product Safety Act. 
Section 15 of the CPSA defines a "substantial product hazard" to be: 

"a product defect which because of the pattern 
of defect, the number of defective products 
distributed in commerce, the severity of the 
risk, or otherwise, creates a substantial risk 
of injury to the public." 
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Similarly, EPA has interpreted the word 'substantial' as a quantitative 
measurement. Thus, a 'substantial risk' is a risk that can be quantified, See, 
56 Fed Re& 32292, 32297 (7/15/91). Finally, since information pertinent to 
the exposure of humans or the environment to r.hemica.l substances or 
mixtures may be obtained by EPA through Sections 8(a) and 8(d) regardless 
of the degree of potential risk, §8( e) has specialized function. Consequently, 
information subject to §8(e) reponing should be of a type which would lead a 
reasonable man to conclude that some type action was required immediately 
to prevent injury to health or the environment. 
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Attachment 

Comparison: 

Reporting triggers found in the 1978 "Statement of Interpretation/ Enforcement 
Policy" ,43 Fed Re& 11110 (3/16178) and the June 1991 Section 8(e) Guide. 

TEST TYPE 1978 POLICY New 1991 GUIDE 
CRffi:RIA EXIST? CRITERIA EXIST? 

ACliTE LETHALITY 

Oral N} Y} 
Dermal N} Y} 
Inhalation (Vapors) }6 }7 

aerosol N} Y} 
dusts/ particles N} Y} 

SKIN IRRITATION N y8 

SKIN SENSITIZATION (ANIMALS) N y9 

EYE IRRITATION N yiO 

SUBCHRONIC 
(ORAUDERMAL!INHALA'i JON) N yll 

REPRODUCTION STUD\' N yl:! 

DEVELO~NTALTOX y13 yl4 

643 Fed Ree at I 1114, comment 14: 
"This policy statements directs the reponing of specifiec eff.x:ts when unknown to the 
Administrator. Many routine tests are based on a knowledge of toxicity associated with a 
chemicaiL unknown effects occurring during such a range test may have to be reported if 
they are those of concern tot he Agency and if the information meets the criteria set forth in 
Parts V and VII ." 

7Q.1Wk at pp.22, 29-31. 
8~ at pp-34-36. 
9Q.Illik at pp-34-36 . 
IOYlWk at pp-3·' -36. 
llQJllite at pp-22; 36-37. 
1 ~atpp-22 
::;4.1 ted Rc:& at 11112 

"Birth Defects" listed. 
14YlWk at pp-22 



NEUROTOXICITY 

CARCINOGENICITY 

MUT AGENJCITY 

lD \?tro 
In l?m 

ENVIRONMENTAL 

Bioaccumulation 
Bioconcentration 
Oct/water Part. Coeff. 

Acute Fish 

Acute Daphnia 

Subchronir Fish 

Subchronic Daphnia 

Chronic Fish 

AVIAN 

Acute 
Reproductive 
Reprodcutive 

15QJ.Wk at pp-23; 33-34. 
1643 Fed Rea at 11112 

"Cancer" listed 
17Y.ui!k at pp-21. 

N 

y16 

Y}18 

Y} 

Y} 
Y}20 

Y} 

N 

N 

N 

N 

N 

N 
N 
N 

1843 Fed Rea at 11112; 11115 at Comment 15 

8 

"M uragenicity • listed/ iD \iKJ Yli iD\itro discussed; discussion of • Ames test" . 
19Y.Ililk at pp-23. 
2043 Fed Rea ai 11112; 11115 at Comment 16. 

y15 

y17 

Y} 19 

Y} 

N 
N 
N 

N 

N 

N 

N 

N 

N 
N 
N 



CAS# 584-84-9; 9016-87-9 
Chern: (1) toluene 2,4-dii!. "'-yanate; 

(2) polymethylene polyphenylisocyanate; 
(3) 4,4-methylene bis cyclohexylisocyanate 

Title: Immunopathologicl features of isocyanate compounds 
Date: 4/16174 
Summary of Effects: TDI exposed guinea pigs i:·evealed perm~nent 

exudate consisting mainly of polymorphonuclear leucocytes 
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IMMUN0PATHOIJXHCAL FEATURES OF ISOCYANATE r.<J.1POUNDS 

HH11kt'!ll laboratory Report No. 249-7'' 

Medical Research Project No. lO~C-5 

The aerosol exposure and meas,JrementR of aizvay resistance 
were perfor:ned by Misfi Rhode M. Brown '.m~er the direction of 
nr. Franklin D. Griffith. The passive cutaneous anaphylaxis and ~el 
lli f!\Js ion testa were l'llrrled out by Mr. Frands L. Ulmer and 
Mr. William I. Swan nnder the direction of Dr. Ki Poong Lee. Gross 
ptttholo .. ·y wac carrit!v. out t.y Mr. August H. Stenholm, Mr. William I. Swan 
and Mr. Francis I.. Ulmer u11der the supervision of Dr. Rudolf Culik 
a:1d ['r, Ja:nes li. Aftosmi~. t-U. '!'Oscq>ic slides were prepared by 
Hrs. ,Tean A. Hostetler, t-:r. Ar.r.houy T. DiU>rcnzo and Mrs. Joan A. D1meler 
under the olrection of Dr. K! Foong Lee. Hiotopnthologic evaluation 
of the tissues was conducted by Dr. K1 Poong Lee. 
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IMMUNOPA'ntOL<XHCAL FEA'l\IRES OF ISOCYANATE ca.iPOUNDS 

~aakell laboratory ~eport No. 249-74 

Medical Research Project No. 10-C-5 

SUMMARY 

The cau1al relationship between airway resistance and 
pathological changes, as well as immunological response, was exaw.in~ 
for guinea pigs follorlng consecutive aerosol exposure to tulueue 2,4-
diisorYRnate (TDI)t'methylenebiaphenrl isocyanate (MDI),~poly-
methylene polyphenylisocy'l\nate (PJ\P~) "and '•,4-methylenebiscy~lo-
hexyl isocyanate (Hylene® W).' Serum antibodieR were detected by 
passive cutaneous anaphylaxis (PCA) test in the sera from guinea pigs 
exposed to TDI but other isocyanates !ailed to produce positive results 
when test~d nt lower concentrations. Significant elevation of airway 
resistance in response to a single challenge exposure to TDI was obtained 
after consecutive sens 1 t1za t ton exposureR, sugge!l ting an asthma-like 
response. Challenge to PAP:r® produ~ed slight airway resistance; other 
isocYftnates failed to elicit airway resi~tonce following challenge at 
lower cor:c~nt :.-ations. Guinea pigs exposed to TDI revealed praninent 
exudate consistin~ mainly of FMN (polymorphr,nuclear) leucocytes in the 
airw~ys and it superimposed to obliterative bronchiolitis. Promdn~nt 
obliterative bronchiolitis with precipitate of inhaled material was 
found in the guinea pigs exposed to PAP~. Oth~r isocyanates induced 
sli~ht tracheobronchitis. 

* RP.g1RtP.refl t."'riP.IMTk nf' Upjohn ('ompsny for polymethylene polyphenyl
lSOL'y&na t.e, 



IMMUNOPATHOLOGICAL n:A'ru~S QF ISOCYANATE Ca.tPOUNDS 

INTROOOCTION 

Haskell lAboratory ~eport No. ?.49-...,:1 

~~dical Research Project No. 10-c-~ 

Inoc~atca are widely used today in the production of polyurethane 
foam, paints, lar.quers, adhesi'.;e~, and insulating materials. Zapp described 
in detail the toxicolosical and industrial ·: ~pects of isocyanate& (715). 
Isocyanate vapor, which is liberated during the production of tl:ese product3, 
has been known to cause irritation of akin, mucous membranes of tle con
junctiva, and respiratory tl"''lcts of ani.JMlA &nd hum..ttns (10, ~?, !,~, .. )). 
In addition, there were reports li~dicating ext ·tnsic alithma-like reactions 
in wcrkers who were expoeed repeatedly to low concentrations of these 
compounds (34, f)~, 69, 75). r: ·espiratory hypersensitivity creates a serious 
problem among workers because hypersensitive persons become unable to work. 
Cumulative effects of toluene ;"',1~·-dlisocyanate (TDI) on the lung and 
decreaa~d pullnonAry function were found among llymrtorMtic and aaymptOIII&tic 
workers (56, 59). 

Important questions have not been fully explained for many ~ars as 
to whether asthmatic symptome M<l p.~lmalary lesio11s resulting from isocyanate 
exposure were related to immunological reactions or to direct chemical irri
tation. The purpose of this study is an attempt to determine tmmunogenicity 
as well as cro~s-antigenicity of isocyanatcs, and furthermore, =~ ~o&l re
lationships between pathological change8 of the lung and immunolosical 
, •sponsc. 

MATE~IALS AND MEnfODS 

Aero:.ol E?CJIOIIIll'f!' 

After a series of inhalation tests for guinea pigs with various 
concentrations of the isocyano.tes to determine tole~ble concentrations 
for consecutive aensitization exposures, ~0 male albino ~•ineo. pigs were 
divlJed into five ~-tual groups and exposed llS follows: 

Group 1 - Serverl ar .~ont.rol snd exposed to n1 r. 

Group 2 - Exposed to TOI at. an average of W. 7 ~J.g/L during 
aensltizatlou and 9.1 o,;.g/L fol' u :Jingle challenge 
exposure. 
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MATERIAlS AND METHODS (Continued) 

.. erosol Expoaure (Con tinueiS} 

Group ' - Exponed to an avernge of ~ . 6) .,.g/L or polyethylen4!• 
po1YPhonyliaooyanate (PA~i~) during sensiti~atio~ 
and-f,.Go "tJ.t~./L for a llingle challenge exposure, 

Croup '' - Expoocd to a.n Clvcrngc of 0,')1: .. ;,/'.. o!' :r.cth;,·lcr.cbi:;phor.;,·l 
isocyanate (MDI) during aens1t1z&tion and ?.~ ~g/L for ~ 
dngle challtnit expoaure. 

Group ) - !·:xpo .. et' t.o •n average of G, 70 ~g/L of 4,4-rneth,vleMbh· 
~yclohexyl laocyanat~ (Hylen~ W) as the ~ens1t1:1n~ 
oxpoaunt and lJ.O ..,g/L for 11 single challenge cxpo:Jurc, 

Isocyanate uroaola were ob' •. dned by heating at 7~ ·VO " C in an 
apparatus as ahCNn in Figure 1. Dry houae-air waa met.erea into a rourut• 
bottomed fluk containing th• laocyanate through o. st.ainleas st<:el nct-•Jl1 t~r. 
The aerosol paond thruugh ~ '!au aide-ann delivery tulle wlt.h lfoll alr 
dilution port into •n 18·11 ter bell jar which was used as an exposure 
chamber, Samplea of the chamber atmocphere vere taken at least three tlr.1ee 
during each exposure Md analyud by uaing the colorimetric method ( .~7, 1,~). 
.\11 sensitizing e.;poaurea, Ollt group or z;lx !'iuinea pigs WI!J"" "xposeft to each 
!aocyanate four hour• per day for five dAys, Subsequently, t .to weeks after 
the last ocnsi th1ra" expoaurt, the guine.1 pigs recel ved a single chllllon.:e 
uxputlur~ for fuur l;uurll, nu ... animal• were sacrificed il!'ll!'lf!'-1illltf'l:V 1\f't.tor 
t.ho ctw.llcnge oxpt)auro t.nd another three animals we~ Ulletl seven daya 
lutf"r fo:r plltholo~lc•l examination. f\lood was collected flouu1 th~ heart at 
the time of ~h~ ancr1f1ce in ordor to obtain anti-isocyanate immune aeruma 
rnr PCA and tho ~ol diffiJai~t te1t, Lungs were fixed by infusion with 
J\ou1n' o solution a.nJ prepArN fur 11\i croecopic slidea, 

fADSIVE CUTANEWS ANAJ'IIYLAXI8 (l'CA) 

Methods bnoell on 1\ report. of CM\ry were used (51). A series of 
t. ltMt.1nn t.rnt.n Wt'N' J11'rformnt1 on the akin of guinea pigs usin~ various 
ooncent:ratione Of th., isocyanate comround:J in Ol.'der to dctcnninc pr:rpcr 
COill:tmlnr.l.iulltl for 11 ctallon~• doeo and to avoid non-t~vec1 Nc reaction, 
Btx lest slletl wu~ p1~pnred on the dorsal surface of the skin of a guinea 
pll'(, ~tf'ter nhavin~ the fur :--11 hours prior to intradennal injection of tho 
"ntlsera. (iuinoo p1go ·~~ere ~1Uno1vely sensitized by introdennal injection 
wtth Q,l ml of nntiocro. Arter 11 btent period of~~~ hours, 0.5 to 1 ml of 11· 
1-:v ,n' r- blu<' clye> 1n nl\line> Wl\!1 1n,lf' o l.f1fl lnt.rBoRni1Rl1~ ttnci t.hf'n o,r; ml of 1~· 
1'llT, 1'1· MnT , l'f. PArr•> 1\nci 0, 1'1 llvlene••.l w in dioxane wert' r...pplied topically 
on t.l'.c sP.c :~ injectt'd with th" "nthera, The site injected with TDI 
ant.lserwn w.1s used nn '' PI)Pl L l w. control and nonM::. serum WAR 1111ed as a 
llfi~P\t.ivc control. AJ11o, sltttll where illocyanate alone wac applied were 
IHirrl All nP.glltl vr controln, Ttl ClC1t11tion to guinea vig ant.1-i11ocyanate sera, 
hwmn sena from fivo Rllbject.n, clinically auspected to be hypersentlit.ive 
t.o '!'nJ, were :JIJh,lcdcrl t.o thin t.eot. 

He,;ls tercd t."'rlt•nwark of IJp,lolul r.omptUlY for polymethylenc polyphenyl· 
lnocynnale. 
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In order to obtain l:mmlne antisera for ilocyanatee, oratt group of 

rabbits and guinea piss were immunized by daily topical skin application 
vi th 0,' ml. or 1~ isocyanate in dioxane to t.he ohaved back tor two weeks, 
Another 1roup of animals recdved intramuscular injectlona to:.- 10 days 
vi th 0, P ml or iaoc;yana to antigen which ww.a prepared by 111ixinR l ml of l~ 
iloc)~Mt~t~t w'l. ~l, 10 ml or incomplete Fteund '• adju~nt. 

GEL•Qil7USION TEST 

The (ltl--dit1\adnn test was baaed on the procedure• described by 
OUchttrlony (50) and Lte and Olson {40), TDI-bovine ••rum •!bWI\in (BSA) 
conjuatate wu prepared by a modification ot Campbell (l6), 

.~JLMO~ADX fUNCTtON TEST 

Airway redstance was measured by a JDOdU'lcation ot the method 
de1crlbed by Amdur and Mead (1). 

Cliniqal Qbaervation 

Durinl sensitization and ~hallenge exposura t.o TDI, tht guinea pigs 
revealed re11piratoey difficulty, i.e. ,mouth brea.thJng, or papins for air. 
The animal~' also 11howed general di:Jcocnfort ouch a• hypenmte ean, hyper
activity with subsequent depreuio11, 1Acr1mnt1on, nasal dilchazoee, cyan,ah 
and 1nooordinat1on, In comparison with the TDI exposurea, animals exposed 
to MDI, PAP~ and HYlene® w developed mild reopiratoey distreas, hyt-.r
ar:ti vi ty and ear hyperemia. At the begiMing of each exposure, the control 
group waa excited and then becam& restless thJ"'Oa .~out the flxpoOiure period, 
Tho blood C'tll cuunt Nvttaled nonnal llrni ta of eooinophU number, but heterophil 
number wa1 increa~ed mode"' tf" ly 1 n &11 of the t.ulim&ls follow in" exposure to 
the lloo)'an&tes. 

Airway Boolatance 

'1111 results of the ai'Nily resiltance ~nsuremcmta dur~ntt the control, 
sens1tir.~tion, recovery, &nd challen~e expcaures with the foua· laocyanatea 
are UluatNted ln Figure :-' and T1ble I. The avel'flge of t.he measure~nt11 
mad~ on the control anilllflls wat> uoed as the control baseline for comparlM 
each sroup' 1 response. During til~ eona1 t.hlltion period ~ the •nlmals ~xpo11ed 
to Tni developed steep otepwise increases in airway real1tance and attained 
valuu approximately three times hlv,h"r than the baseline ltv.la, In the 
case of ~AP~ and Hylene® w, small but at.at1et1cally atgntfl~~nt increllses in 
airway reolltance were n'cogni1.ed during senlll t.lzatlon, whUo ani nals exposed 
to MDI wore within the baseline levels. In the recovery porlOil, airway 
reatstanoo ot anima.ls exposed to TDI docaoeased gradually and returned to htu;e
line lev•la, In contrast, animals expooed to the other taocyanates returned 
to wit.hin baaeline levels after a short period of t.iJne. Art.er a dngle C'hallen ~:e 
expot~ure, t.ht airway reaiatance increased abrupt.J.y tn t.he animals exposed to 
'rDI, wh1lt~ aninala expoaeu t.o PArt"'1 ohowt:d a t~Ught increue ln the airw"J 
re::iotr1ncc. llowc•tcr, anirMl!l '"'fi'O"<''' t,, Mf!I llnd ~lenr•1 W dlft not produce 
any st.ltSntlcally significant tncren11o In airway rcailltanco. 



I 
I 
I 
I 
I 
I 
I 
I 
I 

-'• -
RESULTS (Continued) 

f!!lliv" Cut.tm(Onus Anaphylaxis (PCA) ReAction 

Tho results of cross nenoitizat1on arc oummarizod in Table II. The 
guinea pi~a s~ncitized with TDI nntiaera ohowed positi~ ~actions, while 
ot.her 111ocyanates failed to elicit the PCA reaction (Fig. Y,). The!"! were no 
crou sena1t1zat1on reactions between TDI !lnd the other iaocyanates (Fig.l:l·l'T), 

Tho sensitivity of reaction with TDI was not precisely equal in 
aenli thed areas of the dUn. TI1e anterior dorsal akin and near the 
midline revealed r.lear-cut blue spots, nle lateral akin showed ~omewhat 
more diffUae coloration, The most intense coloration waa obtained in the 
nuct~'l akt:-:, whereas caudal skin revealed less co~.ornt1on, When 0.1 ml of 
1·1. TDI in dioxane was injected intradenrnlly ns tho challenge dose, the 
contrnl portion of the injection aitea exhibited yellowish-white spots due 
to necrollia, a.nd blue coloration developed around the necrotic spots. However, 
topic~l •~in application with the challenge dose did not caun~ any necrosis 
f".r d llevdoped strong 11nifonn blue spots, Positive reactions appearert "fithin 
t:. h ~.e minutes after challenge and reached maxi.m11m intcnaity within 15 :llinutco, 
J IIV ~t quently, the blue spota faded gro.dually, but. a faint trnce of blue color 
wu11 .s till recognized l18 houro artcr the chl\llenge, 

Go 1 t' iftulli on Tes ~ 

Tlut undiluted antisera from a group of guinea p1ga which were sena1-
t1zed by aerosol exposure with four ioocynnates were teated, In addition, 
antillera from other groups of rabbits and guinea pigs immun11.ed by intra
mu•cultlr inJection with Freund's adJuvunt or t.oplcal ak.ln application wP.re 
diffused on m1cro-ouchterlony sl1d~s against TDI·DOA antigen or 1~ solution 
of f011r different isocyanatcs in dioxo.nc. Prcc1pit1'l line did not fonn in 
any of the gel diffUsion tests using different combinations of the anti~t'nR 
an1l nnthera. 

Pn t.holosy of Skin 

nr..,nnly, 1 rrcgul:lr-ch:~.pcrl blue spots were found on the cutaneous 
surface oJ' the reacticn aites, nnd the subcutaneous t.i 1t11u! wao severely 
edomatuu&, ~e}&tinOIIS in Clppearanct'! and tinged With blUt! uye coloration. 
Tho a !ten which '"'~re 1 nject.ed w 1th tl'.· cuntrol ocru nn" ch" ll~n~ed by the 
lllocyal'lateo revealed a sll~ht polymorphonuclear (R>iN) leucocytic inf1ltrnt.to11, 
t~upadally al'ound the perivn::culur nronn of the dermis, thE' t'ibrous t::ept" 
of ~d!poatll t.hsue ami lut.erstltinl tinuuc of the muscle. '11ac sites thAt 
Wto re sena1 tized with '1'1..>1 antisera and challenged by TPI exit! blted prominent 
leliCOtitaalft and lcucwinpcdecir. with edema in the nuhcut.ancouti t.lssue (Fl,:~:. •, ). 
There were large accwnulations nf' ~N ,,.u~nr.yt.f!~ 111 t.he f1 hru••s sept.11 betw,t•n 
thf'l IIUbr.ut.l\neOUS fat lobules and interttti tlal til111118 Of the miiRC}C ( f'ig. 0J ), 

After :•1, hours post-challenge, the nwnber "'t' PMN leucocytes and edema 
tlec reaoed morkeily and was eradually replaced by lymphocyte a nnd monocytcs, 
Too ait.eo which were s~nr.iti:etl wl Lh •JLI•~t· lsocynno.t.co and l'hnllcnr,ed by 
cora-.:ttpo1111111~ itlocynnatco or c:ro:u:-c:tmllcnged by Tnt l'f'Will"d n similar 
tinnue rnnction as obsel"V"!d at thE' control s1 tes. 
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The ouporficial cella of the air paaaage• were necrotic and partially 
a l 'lughetl orr kat. ra~ly extended into the amooth muscle or the bronchial tree. 
'nlo rematnin.; opS.therliwn showeli hyp•rplAaia and hyperactivity of the mucous 
secretion. Moat of the air pcusangec were filled dth mucinous or fibrtnous 
exudate wht,.h t'nntAtned predominently fMN leueocytea, deaqutUMtcd ttpi thelial 
cellc nnd" fetw rounrt colla (Fig. G), Some brotachiolal' lumina wore obliterated 
by mural rolYV)hJ protruliona with inflD.mmatory exudate fonning crescent-like 
air paaaaaoa, In a few aoverely damaged bronchioles, the lumen was almost 
completely obl1t."rated by gMnulomatoua t.luue which wac fonned by orgar.izing 
exudate l••vin~ a alit•llkc apnc• between the epithelium and th~ tntralumin~l 
polypoid INlll, 'nl• aubmucon of the trachea and large bronchi waa swollen 
anci inf1.l.t.rat.ec1 by PMN leucocytt!ll and round cella. 'nle small bronchi and 
brunchiol•• woro ~uffed predomdnently with lymphocytes, plasma c~lls, 
rr.onocytca :lnc! rnrr le•JC'OCyt"l', Th"' 1nfl~M"Mtory rea ~ tion \JaS conrined .1horp]•• 
to peribronr~hlal or P"ribronchiolAr a!'f!as. 

PAPr-> EX,POGU I"! 

Th11 "! r J'l\ftnn~e :1 l\nr1 al veol.A r T\ :- ;x>nae to PAPl{'' were 0.111 c~lly slmllur 
'o thoco of TDl. rn cont"'st to TDI, PAPT-".l dill not produce prom.inertt l'l.cute 
lnfl.tunrnnt.ory olf\h.lat.e ·~nd mucus In the o.ir paoaagea (Fi~. 7). InhAled PAP~:y 
wa ..- readUy rnt·o~lzed aa minute droplets <'I' as linear preciritntr on the 
t"Vlt.hcllum or t.hv dr pncaages r~ma1ng necroaia antl ohliterative bronchiolitis 
(Fig. 0). Tho ~rocipltate was slightl. birefringent under polarized microscopic 
namlnat.lotl. Pale y-,Uow refractile dropleta, ranging in size from 1 to '>u. 
i n Jiamctor, woro found mainly iu desqu&mllted epithelial cells, superficial 
epithelium l'f' th«> dr ptlooo.gec, alveolar macrophagea, and alveolar aeptal 
cellr (Fill.. 1)), The opi thel1al rcg.,neration and organizin~ cxuur,te became 
morto prunourwo•l IJII t.he eeventh day poat-expooure, 

MDT Expoaurt~ 

Moat. vr l.he alr pnaongco nppoo.rcd to be nonnal. A few ~ronl.!hial trees 
showed llflll<l•uur•t.lull vf uuvea·l'lclnl epithelium nrul eplt.hellal re~cnerntion 
( ~·lg. 10), Tn C'Omplrinon with other isocyanateo, d&JMge of nir pnssages WRS 

vr· ry mild , nnrl olll.ll.cl'ftt.lve bronchiolitis wat~ not l!'nr.ount.ered, 

Jlylcne'") w ~xmnuro 

Tn upl '·" ol' up1thel1nl dn!Mr~t' of l.he fJflnll&lo(es, only n nN~lt h1ble 
urnou11t <-1 ' nc~ul.e lu1'.1n111natory cxwtoto Wl\s found within th'! lumf'n nnri no 
ohlit.rJ"Itt.lvr• hrounhlollt.!n <loveloped. In Cl"'nt.mat to other isocyfmates, the 
cplthcl.luru ul' t.l1,. lnr1~~ "1r pnss&fl:ea revealec\ prominent. hypenmacous secreting 
nc t1v1ty ntlll proc1p1toterl mnterial was not reco.,.nhed in the brouchllll 
cplthcllum ( 14') 11,, ll). Superf1c1"l tmnhe~l epithelium was •lcsquamated and 
nhow~d r"'rt.l"l ltrJwlmUIJI' mntnplnsin. After t.ho neventh day pont-~hallenge, the 
('fll thelium ul' t.h, Ill r fl'lRGaRcs wo.o regenerator! n.nd intralumiunl '~xu,late Wlill 

o r~nnl :·.ctl. 

N.,t,,. : II•·' ·" I lnrl tlfltholo.,..y of lunl!,o lo describc<l In Pathology llcpor~ . .J 
No . u,.·ro •mel No. : of.-71. 
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DISCUSSION 

The ~uestion as to whether immunologic mechanisms are ·:nvolVl'd in the 
haznrd of i3ocynnate exposures io ~r from settled and beckons new investi
gative appl' .. :!ches. Also, little info:nnaticn is avciilable about eros~ 
sensitization problems among isocyanates. 

Clinical symptoms o. workers exposed to isocyanat£s have suggested the 
posGibility involving immunologically mediated hypersensitivity. However, 
no concrete evidence for an immunological ~sponse to isoc~~nates among 
~orkers appears to have been reported. Sensi ti'le workers exhibited an 
asthma-like response to minimal atmospheric concentration of isocyanates 
which failed to provoke any pulJnonary response to non-sensiti:o:ed people (l18). 
Those workers showing typical bronchial asthmatic symptoms frequently 
Clevelopell eosinophila (10, f."i~ 6~, 7<;). Previously sensitized workc,;.·s 
developed marked aa•.tJnatic signs within a few minutes after inhaling an 
insignificant amount of isocyanates (8). A relatively long latent period 
between i~itial exposure and symptoms suggestive of sensitization has been 
obuerved among exposed worker! (()5, ~9). ~ince normal workers revealc~ 
asthmatic symptoms following ~xposyre to relatively hiP:h airborne isocyanate 
concentration for a short period of time, or to moderate concentration for 
n longer period (10, 75), it is difficult to distingui:;h by clinical :l;)"'l'lptorr.c 
whether the asthmatic rt~ction to the isocyanate exposure is caused by direct 
r hf'm i ''" 1 i rl'i ta t.ion or by immunological hypersens 1 ti vi ty. 

The reaction of allergi~ ~nhalation te8t can be divided into immediate, 
la tc ot· dual in terms of thei!" speed in appearing and peri phP.l"l't 1 r-a111p1 Y'fttory 
(allergic alveoli tis) or t.ronchial allergic reaction (h 2). !nlnediate reactions 
are of rapid onset and begin within 10 ~inutes, rea~h a peak by 15 to 30 
minut~s, and resolve spontaneously within one to three hours . The mechanism 
of the immediate allergic reaction in the human lung has not been clearly 
~Pfin,.fi, h11t. H. t11 po,;t,11l.Rterl t.hat bronr.hial obstruction is largely attribut
tlhle t.o mediators, probably histamine, SER-A, bradykinin, Gerotonin and 
prostaglandins (9). Release o~ enzymes from leucocytes may be an important 
ph•:- nomenon in the late allergic reaction ( 13, 1~7). The lysosomal enzymes of 
the PMN leucocytes are the sourc~ of the me~i3tors involved in the development 
of in fl8.1111111l ti.on and l<X;al vasculitis (7 ~ ). 1'hosc workers ~xposed to TiJI 
us ufllly responded to late aller~lc reaction and oc cusion3lly to irunedlntc 
reaction. 

Imme~late reaction occurs in the airways and cau.;es asthma without 
syn t.cmat.ic features such as fever and leucocytosi:::. This may provoke a 
blood coci:.Jphilia. ;.; :;u:~.lly o.s~ociatcd with irrmediate-type skin sensitivity 
( :.' ~ ). The immediate asthmatic reaction correlated with reaginic skin 
sensi t :'. :dng antibodies t.hat have recently been identified as IgE 11!111\lnoglobulins 
P :· , ,. ,, ) . rn ttl.uplc suOjt!cl.s. lilt! lmmt~l.llal.t: Ct!bd .lcm .i.:> llot:dlo.t.cd by the IgF. 
nnt i bodlen, while in nonatopi c nubjcct:: H mny be due to IeG "nt.ihoriieF~ (5;; ). 

Late asthlr1'\tic reactions begin between ~· and 13 hour::, usually betw~er. 
'• ond r hours aft.cr allergen !nhalation. They prugrc ;,;;; Lo a u~a:d ::u.w1 ml.l!'~.o: 
~ lowly - within one hour or over several hours and are more prolonged, usually 
within :•11 to 413 hours, but. may last for severaJ days. Their features include 
febrile o.tt.acks with FMN leucocytosis, asthma and peripheral respiratory 
reudion or as an aE:ttvnatic reactiou in which the nystemic features are less 
prt•lll c tnhlc. 
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DISCUSSION (Continued) 

These late asthmatic r~"ctioos have been ~ rved follwing the 
inhalation of a variety of part~cles including h e dust t7, 29, 44), 
grass (19), ragwee~ pollen (46), Bbcillus subtilis enzymel ' j ~ ) , cotton 
dust (70), wood dusts (C6), lrds {53), plicatic acid (17), ~ ~·.• !\ ~ino• 
ethanolaminf! (67), Cloae cu,·relation to dual sltln reactions Ill i 
precipitating sntibodies have not been found in the inhaled~ · ~ cles 
just mentioned. The late reaction with pyrexial and peripheral respiratory 
reaction has been reported in pati~nts with fa~c r's lung (5), bagas~osis 
(2~, 28), malt worker's lung (18, 62), bird fancier's lung (27, 61), 
muahroom worker's lung 01) and fish-meal worker's lung (3). They were 
associated with precipitating antibodies, and in malt worker's lung and 
bird fancier' a lung with late ··kin reaction. The precipitating c.nti· 
bodies involved in late asthmatic reactions we ~-.; IgA, IgG, :.•r IgM (22). 

Scheel, et al. used PC!. and gel diffusion techni~ues to demonstrate 
specific TDI antibodies in the sera of rabbits immunized by intravenous 
injection of TDI egg albumin conjugates (61~). However, the possibilil.y 
that the serum antibodies might bn as:;ociated :fi th the C'arrif"r protP-1 n 
cannot w ruled out . conversely, Thompson and Scheel reported negative 
results in an attempt to intensify sensitivity to TDI expocure for 
pertussis-treated rats and to depress sensitivity for alloxan-treated ratR 
(72). They suggested that the pulmonary response to TDI exposure was due to 
chemical irritation l'ther than immune reaction (72). The serum antibodies 
were demonstrated with MDI egg albumin conjugates by the PCA test using 
guinea pigs and the sera from humans exposed to Mni (35). However, no 
detailed infonnation is provided in order to question whether the exposed 
subjects became sensitized. Direct skin tests of apr·rently sensitized 
humans ~o~ith TDI itself have failed to show positive reaction (68, (,9). 
Recently, in an attempt to demonstrate ~erum rTII antibodies in the sera 
from hw:ans, TDI human serum albumin (HSA) conjugates have been used as 
t.fl!!'lt. Rntigenll ""CI utilizert t.hP fn11ow1n~ t e rhni ·tlle s: lympho~yt.e trans
fonnation test, PCA test, Prausnit.z-KUstner test (P-K test), passive 
hemagglutination test, leucC' ·ytes hi star.line release, and the g~l diffusion 
test. Of these tests, only the lymphocyte transformation test revealed 
positive reaction, suggesting the presence of TOT antibodies, otlh.r tests 
produced negative results ( .:::' , 8), The lymphoblast transfonration of 
lymphocytes in culture presented some evidence to support the possibility 
that asthmatic symptorM of humnns exposed to TDI may be an immunological 
reaction mediated by lymphocytes. 

The moler.•rlar structu~ of th~ isocyttnato:>s w::cd ln Lh~:> ::~ ~xperirnent::; 
WI&~ 4ulL~ ulff~l'eiiL, Lla~ ullly ,~ onunon t.hlng was the presence or isocyanate 
~~up(s) (NCO). Bruckner, et al. noted that the isocyanate group attached 
to various a .t ~ ph!ltic a.nd aromatic molecules was responsible for the chemical 
reaction as well as the biological effects of the isocyanate compounds (8), 
In our antigen preparation for 6el diffusion, 1t was impossible to accurately 
estimate the numb~r of TDI haptens per molecule of BSA, since TDI reacted 
with water. Probably TDI-BSA conjugates •· ·"Y not. be the proper immunological 
vnlcncc to elicit a precipitin reaction. 
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DISCUSSION (Continued) 

Several investigators have demon1t:rated that the human i11111unoglobulin 
cl&aa dirrera in ita ability to sensitize ani~l akin. Human akin sensi
tizing anti bodies ( reagens) reside in a unique imaunoglobulin class ttltl t ha.:; 
been designated aa TeE (2~, ~0, 37). These antibodies also sensitize monkey 
akin and produeo P-K and PCA reactions parallel to those round by direct test 
(24, !8, '9). In contrast, the capacity to paDnively seneitl~e ~ulnen pig 
aki.n ia lind ted tD certain subclass of ISO (71). Human precipi tat in& anti
bodies pve poli ti ve PCA reactions in suint:\ pigs but not in monke)a ( 11). 
In the caso of respiratory allergy duo to moth tlies, antibody activ1ty 
waft demonltr&ted in the patient's serum by the direct akin teat and ~ssive 
transfer to hunw.n and JDOnkey skin, b.at nut to guinen pig ckin (f.o). In 
these exporin.enta, fivt •rorkers who workbJ 1n a plant producing iftocyanat.es 
or rel&t•~ products ana who had asthmatic Mymptoma were nubject~ to the PCA 
test in the guinea pigs. The number or aubjr.t:ts wat too £1111&11 t.o draw a 
definite explanation for the negative results. However, it C&MOt rule out 
the pooaibiltty that the negative reaulte of the PCA test might be ascribable 
to ~he humftn immunoglobulins which involved the bronchial asthmatic oymr·-~ 
but were unable to sensitize the guinea ~!~ skin. Among the several factorG 
that might account for failure to obtain positive results from the PCA test. 
with the nera from guinea pigs expose~ to MDI, PAft®, and ~1ene® W, low 
antibody titer was suspected because the guinea pig~ were exposed to 
relatively low atmospheric concentrations of iBocyanates for n short period 
of time. In order to clarify thio que11t1on, anti-isocyanate hypel"illlllune 
sera, which were obtained by topical akin application with iaocyanates or 
by intramuscular injection with isocyanate• in incomplete Freund's adjuvant, 
were used for tho PCA test. r.uine& pi~ anti-TDI sera produef!d w1ifonnly 
positive react1ons of PCA, but negative results were obtained invariably 
with Clthcr ant~. -iaocyanates 'lera. 

It l"'" boon reported that r;C!f, of tho aaymtonatic individuals inhaling 
organic l'!unt anti~ens may develop sorum precipi tins to those rMterials 
without developing any features of a hypersensitivity pneumonitis (l1, F> , 1:', 
~'0, ?~ - )5, Gl, G~). In addit.ion, precipit1ns and MDI serum ant.,hod1eP 
against known antigens tend to diminish or disappear with cessation of acute 
disease ~~tivity ('J{,, 55). In view of these facts, an immwlological test 
should vc used only as confirma.tory evi<l.,uce, Obser-mtion of wor~ern after 
ua:..un..1 cxpoHurn t.o lcocyn.nntes must. be conotdered to have a more sip.n1 ficant 
vnl 11C for ocrc.,n1n~ hypersensitivity. 

Severul ut.udico have report.~cl · ~eereascn in ventilatory f'un~tion that 
occllrrctl Juri.zlt'. Lhe 11ympt.omatic perle! in subjects suspected of re11pirat.ory 
sensltir.rtion by 'l't>I ("'J{-., ()9, 6)). Somo c.>videncc for n cumulllt.lve effect 
wan sugge11tod by measurements of forccc1 flxpiratory volume in acconll (EFVt) 
fnr on~ week (~9). Subsequently, the presence of a cumulative effc.>ct of TDI 
on ventilatory ctA~clt.y was confirmed e&fl.tu• follow·11p ctudieo amnn~ these 
workers for nix months to two years (r,7, r,8), In this study, the slight 
e1evntton of BiNI\)' resistance wllicl• occurred during sens1 thation wi t.h 
llylenc1-) W and PArr•) might be attributable to a cU~ct irritative effect. on 
~he ~lr rnnnn~cn, A Aimilar 5li~ht. v~nt1l~tory uecrease WftA reported in 
non-ocnciti:::c.-d hnrMnll with icocynnaten following !!JCposure to TDI and MDI or.). 
Severo] cliomh:o.l compoundf! were known to cnu11e bronchOSJltlShl as u .rcuult. of 
Jlr-cct. 1 rrl tnt.ion on the respiratory paoaal:(es (~1, ;->r,, l,q). Conjectured 
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DTS~JSSIO~ (Contjnue1) 

from the observaticn of the abrupt 1ncreas~ in airway resistance with TDI 
challenge, the presenc~ of serum antibodies detected by the PCA test, an1 
the prominent exudative changes, as well as plasma cell infiltration in 
the airways, TDI may be a potent chemical sensitizer causing asthmatic 
pulmonary response, However, 1 t should be mentioned that f ..:rther im
r.mnologicaJ. s tudi('S o..re necessary to prove de finl tely whether or not 
the serum antibodies demorstrated by the PCA test an.1 re~~nsible for 
respiratory hypersenslth · : . Interpretation of thf" slight t:levation 
of the airway resistance · · ;. :uinea pip:s followinp: PAP:r® challenge was 
difficult because the mab·· . •·.ude of airway re-"istance was not as drastic 
~B tha.L seen in TDI challengP. and because of the negative results with 
the PCA test, In view of the marked oblittrbtive bronchiolitis, Blight 
airway resistance may be related to damaged air passages and direct 
irritation rather than immunological reaction. Based on atmospheric 
concentration of isocyanates in these exper~nts, it ls improper to 
~ompare the results of airway resistance and pulmonary lesions seen in 
TDI exposure with other isocyanates b<ecaus~ animal!; were exposed to 
different atmospheric concentrgtions. However, in terms of aerosol 
sensitization, atmospheri~ concentrations of other isocyanate& we1~ high 
enough to induce imm11noloclca:&. reaction, since animals succumbed to the 
exposure when the atmospheric concentration WRS r&iRerl in an attempt to 
obtain hyperimmune sera by aerosul exposure. 

To clarifY whether neg~tive PCA reactions of tsor.yanates, 
other than TDI, were due to sensit1.zation with lower atmospheric con
cen~rations. rabbits and guinea pigs were hyperimmunized by intra
n.uscular injection or topical skin application with the same amoWlt of 
isocyanates. The only positive PCA test reaction was obtained from TDI 
~r.ti~erum. All other isocYhnate antisera produced a negative reaction. 
From these results, one can rule out the possibility that the negative 
PCA test was related to lnwer sensitizing conccntratio~ of the isocyanates. 
A possible explanation for the positive PCA reaction nfter TDI e::posure 
is the relatively high concentration of NCO groups in TDI in comparison 
wit.h t.he ot.hPr iFOr.YJinat.es. Since the equivalent weight of TDI is 
approximately 70t. of the other isocyanates tested, the guinen pigs in the 
TLH exposures received roughly 50'f.., more NCO groups per weight of dose than 
for the less volatile isocyanates. There is a difference, therefore, of 
one to two orders of magnitud.-:: ~renter concent.rutlou of isocyanate !'unctions 
in the TDI experiments vs. the other i::oc:rnnntes. 

L1 t tle is known ref?R Tflinf pulmonary res po11ses to l11111unological 
reaction. Licbow dcs~ribed tr · followin~ patholo~ical changes as criteria 
t.u allt:: r~.ic !JI•cwnonills: exteuslve eosinoph111 reactions, plasma cell 
l:1filtrntio:1, angitis or granulomatosis, and noncaseating ~ranuloma such 
:~c s~rcotdor.i:; (I'lL The :>.c~h:~.:~.ti c patier.ts exhibited gamma globulins 
l.!'.A, <~, nn(i/or M deposits beneath t.he bronchiAl ep1thl.'lium (lh, 1~, r:8). 
Tn ~ti.mts with AS~hmn, re.:cnt immunohistochemi~al studies have shown 
nonsped fie localization of T>!E. Tt was impossible to distinguish the 
skin test positivr inrlividual from the skln test negative individual on 
thf' h!lsis of t.hc number of f>< E-containi.nP: mononuclel\r c~lls in the bronchittl 
nect.ion (1'• ) . The lun~ c:au be part of .ueutc p:encro.ll::cd allergic react.lons 
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characterized by exudation. The infiltration or PMN leucoc~ea 
in the early stages of allergic reaction in farmer's lung (6), 
mononuclear cells, plasma cellJ and lymphocytes appeared in the 
stage or the allergic reaction. 

occurred 
The 
latter 

After the ".'DI challenge, the striking histological changes were 
heavy L-,filtration of ~ leucocytes in the aizvays superilllposed upon 
changec or chronic obliterative bronchiolitis, and dense poribronchiolar 
cuffing vith plasma cells. The chronic bronchiolitis was probably 
produced by conaer.uttve senaltlzl\tion exposure with TDI, ani subsequently 
heavy PMN le·uc:ocytic infiltratinn was induced by challenge exposure. 
Abundant exudat.fo, rMtnly PMN leucocyte& and damge in the ain.ays appeared 
to be partially responsible for the marked elevation of alzvay resistance. 
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